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ISOTROPIC CHIRAL MEDIUM 

Constitutive Relations 
(Drude-Born-Federov) 

Bohren's Decomposition 

Wave Equation 

Eigenmodes in bulk 
material circularly polarized 

Refractive indices 
for RH and LH 
waves 

D = e(E+yVxE) B = n(H+yVxH) 

E = -{F*+F~) 
2 

H 4^--> 
V2F* + (k0 «*) F± =0 

ft = g^Wo» tZ-Q) \x + iy) 

Rotatory Power 

A. Lahlakia.V.K.Varadan,and V.V. Varadan. Time-Harmonic Electromagnetic Fields in Oiiral Media,Lecture Notes in Physics Scries 335 
(Springer-Verlag. Berlin, 1989). 

I.V. Linddl. A.H. Sihvola, S.A. Trayakov. AJ. Viitanen, Electromagnetic Waves in Oiiral and Ri-is<xropic Media, 
(Artech House, Norwood. MA, 1994). 

General Solution for Modes in Chiral Asymmetric Waveguide 

Fi(y,z)= ^'(.v)exp(^Ve/rz) 
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Modal equations: f3 equations to be solved simultaneously for n^_, s, li > 

«V=cot 'I cr* J—— l+cot  ,_, 
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-if   ir,±h'\      . + cot     a    tri 
[       \±h 

(fro' -Sra') + (S;+S0)g 
(Sr0' +Sr;) + (S;-S-)g 

SQ = CT0* sin(uV) -cos(u'd) 

SrJ = r0tT* sin(uV)- cos(u'd) 

ff0'=(l±5)-,       ff,'E(li8)-, »i=-£. ',*- 

Parameters g. /; determine eccentricity of polarization ellipse for transverse E-field: 

W. N. Merman, in press J. Opt Sue. Am. A 



Achiral Isotropie Waveguide^ 
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EFFECTIVE INDEX 
VS 

THICKNESS COMPARISON 

Chi al Isotropie Waveguide 
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• LHEm/RHEm modes separate with increasing thickness 
• LHE mode has an slow wave RHC component (dotted lines) 
• Polarization ellipse changes with increasing thickness 
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Dramatic change in polarization at 
mode intersections 



1.5883 

c   0 

Intersection of RHEO with LHE1 

[Transition region where only LH polarization] 
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Effective Index vs Thickness 
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Synthesis of the Chiral Amide Monomer 

HCX^O 

Cl   SOCI, 

Reflux ci 
6h 

CF ~~OH     Quant        ry' ^Cl 

H    ^T Zn NiCI2 
Cl   DMAcBPY 

NH2 

[R] or [S] amine ' 

H-N 

PPh3 80C V}—? I 
24-72h        o={ 

or 
[R] or [S] amide 

[R] or [S] amide 

Monomer Preparation f2.5-Dichloro-N,N'-bis-(1-phenvl-ethyl)-terephthalamide] 
2,5-dichloro-terephthalic acid (20.0g, 85.1 mmol) was refluxed in thionyl chloride 

(100 ml). After 6 hours, the thionyl chloride was removed under reduced pressure to yield 
the product in near quanitative yield and was used without purification. 

The acid chloride (5.0 g, 18.4 mmol) was dissolved in dry toluene (50 mL) and 
triethyl amine ( 5.1 mL, 2 eq.) and [R] 1-phenyl-ethyl amine ( 5.0 mL, 2.1 eq, 38.6 mmol) 
were added. The reaction mixture was stirred overnight and was then filtered to yield the 
amide in -95% yield. The resulting solid was recrystallized from acetonitrile three times to 
afford a polymerization quality monomer. 

Poly(p-Phenylene) with Chiral Amide Side-chains 

Polymerization Conditions 
A suspension of anhydrous NiCI2 

(0.147g, 1.13 mmol), 2,2' bipyridene 
(0.177g, 1.13 mmol), triphenyl- 
phosphene (1.89g, 4.53 mmol), and 
zinc powder (0.370g, 5.66 mmol) in 
DMAc (50 mL) was heated to 50 C until 
it has obtained a red color. To that 
was added the amide monomer (5.000 
g, 11.33 mmol). The reaction mixture 
was heated to 90 C for 24 hrs, then 
precipitated into 1M HCI. The resulting 
solid was reprecipitated from acetone 
into water several times to yield a white 
polymer (74%). 



Poly(p-Phenylene) with Chiral Amide-Side-chains. 
The backbone is green, oxygen is red, nitrogen is dark 

blue, and other carbons are light blue) 
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GPC of Chiral Amide-PPP 

1605_9P 
Solvent: DMF     ,.     _in ,   . 
, tnmer 1,110 g/mol 

ST  (PS standards) 

1/9/2001 / but 

Peak MW = 3.74e+3 
<Mn> = 3.91e+3 
<Mw> = 4.48e+3 
Polydispersity = 1.145 

Octamer 
2,960g/mol 

36 

Sample DI i 605-09 

370g per repeat 
unit; 
no evidence of Cl 
end groups. 

40 44 
Volume (ml) 

NMP solvent 



Sample. AG1601-3S 
Size:   7 1100 mg 
Method regulartieaf HCf"* & Tf"*A 
Comment CNral polymer     Uol; Ct   I Ort 

Chiral Amide PPP □ 
File. C:...VrGAVSteve\Sfbtazt.004 
Operator sf 
Run Date 11-Jan-01 15.20 

Sample mail - 9 1 mq 

DSC @ 5 °C/min in air 

151 WC^" 1  

K» 250 

Temperature ('C) 

200 300 

Temperature (*C) 

50 
Uniwre.IW.601 

Optical Film Preparation Technique 

NMP (N-methyl pyrrolidinone) was used to make the 20 wt % solutions 
poly(p-phenylene)'s. Films spun from NMP at 2000-3000 rpm were 1 - 
to 2-microns thick (based on reflected light interference patterns), and 
remained crack-free. The drying program for the films was 70 C under 
dry nitrogen overnight. 

[Note: 20 wt. % polymer solutions in cyclopentanone gave films with 
cracks at the edge that within two days propagated throughout the film, 
preventing optical characterization. Its lower boiling may have been the 
problem.] 



Estimating Intrinsic Rotary Power of the Chirai Amide-PPP 
via Solution Polarimetry 

Fitted Transmission Curves of Sample and 
Reference Solutions 

60 80 100        120 

Rotation (degrees) 

-Cyclopentanone only  Chirai Amide PPP in Cyclopentanone 

Intrinsic Rotary Power was 
estimated to be -71 ° in a 
UV-Vis spectrometer 
experiment passing a beam 
of light at 625 nm through 
sample solutions between 
rotating crossed polarizers, 
and measuring the change 
in transmission between a 
sample of pure solvent and 
a sample of polymer 
solution. 

Solvent: Cyclopentanone 
Concentration: 0.18 g/mL 

Equation form: %T = cos" (rotation angle - phi);   where phi= phase shift between pure 
solvent and polymer solution for a 1 cm path length. Note: IRP is per 10 cm path length. 

[A positive phase shift is counterclockwise along propagation direction.] 

Preparation Of A Chirai Polythiophene 

— CH, 

Monomer Synthesis: 
5 ml_ 3-formylthiophene (57 mmoles) and 7.4 mL a-methylbenzyl- 
amine (57 mmoles) in 100 mL THF was stirred overnight with 4 A 
molecular sieves then filtered. 2.16 grams NaBH4 was added followed 
by 100 mL MeOH dropwise. The solution was cooled and 
concentrated in vaccum.   The residue was taken up in 200 mL CH2CI2 

and washed with water, dried (MgSOJ and concentrated in vaccum to 
give 11.35 grams of a brown liquid (92%). This was chromatographed 
on Silica Gel using 20% ethyl acetate/hexanes to give 10.65 grams of 
a clear light yellow liquid (86%). To a solution of 8.34 grams of this 
thiophene liquid (38 mmoles) in 50 mL chloroform. 4.0 mL acetic 
anhydride (42 mmoles) were added. The solution was stirred for 48 
hours then washed with water, dried (MgSOJ and concentrated in 
vaccum to give 10.84 grams of a straw colored liquid (100%). This 
was chromatographed on Silica Gel using 40% ethyl acetate/hexanes 
to give 9.44 grams of a clear oil (96%). 

Polymer Synthesis: 0.52 grams of monomer (2 mmoles) in 25 mL chloroform was added to 1.30 grams 
anhydrous ferric chloride (8 mmoles) in portions over 60 minutes. The mix was heated to reflux and stirred 
overnight, cooled and filtered. The solids were washed with chloroform, suspended in 50 mL hot water, then 
filtered and washed with hot water to give 0.33 grams of a dark solid. 


